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Smart Grid Domains, Interfaces and Applications
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Smart Grid Command and Control

Enterprise Strategy & Operations

* Asset Forecasting » Energy Efficiencies » Customer Trending
» Workforce Forecasting * Total Ownership Cost - Maintenance Forecasting
* Generation Planning » Carbon Trading * Automated Outage Mgmt

Monitor Assess Predict & Plan Control
« Situation Awareness * Outages Modeling * Classic SCADA &
« Comm Status * Maintenance Data Maintenance System Control
* Environmental * Demand Predicted Demand * IT System Control
* Smart Grid Devices * Generation Capacity Weather * Dist Resource & Load
» Sensors * Demand Response Ecological Control
 Security Capacity Renewable Resources * Intelligent Device Mgmt
* Market conditions * Intrusions Consumer Patterns * Authorize Sales
* Maintenance Status * Trending Market Pricing * Crew Dispatching
* GIS * Actual vs. Planned * T&D Constraints Regulatory Reports

» Data Mining » Optimization Back office
Purchase Requests

Interfaces: Smart Grid Devices, Field Devices & Systems, Sensors, Market Pricing,
Weather, RTO Demand Response, Back Office Systems

Technology: SOA, C2 Apps, Modeling, Simulation, Data Mining/Correlation/Fusion,
Visualization, Business Intelligence, Large-scale Systems Mgmt & Optimization
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SGCC Architecture
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Operational Decision & Response Times

Increased Variability Requiring More Dynamic Operations
on Shorter Time Cycles

hour-ahead scheduling and
resolution of most renewables
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Background - Execution Cycles & Temporal Coordination

——————————————————————————————————————————————————————————————————

' | Hour-Ahead
| Cycle

Power System
Including control, Forward plans, schedules,
a

measurement and guidelines controls, messages

protection devices X_/J/ Feedback data, violations,
alerts, messages
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1 Hour- * Assure adequacy of resources (markets, forecasting, scheduling, etc.)
ahead
« |dentify system bottlenecks
2 | 5-minute | System reliability, efficiency, and calculation of control parameters and
limits for next 5 minutes:
* Look-ahead (about 10 to 20 min)
* Alert system operator and /or hour-ahead cycle
3 | 1-minute |« Maintaining efficiency and reliability according to the control
parameters identified by the 5-min. cycle.
« Validating and adapting the results of the 5-min. cycle using the more
detailed/ recent models of the 1-min. cycle.
4 | 2-second |e Traditional continuous closed loop controls (AGC, efc.)
« Adapting control parameters and system operating limits for faster
cycles
5 | 1-second | Data collection/validation for use by control area or interconnection: Data
may be from the 10-msec cycle (PMUs).
Control of extended transients:
* Advanced continuous closed loop controls (secondary voltage control,
etc.)
* Adapting control parameters and system operating limits for faster
cycles
6 | 100-msec | Recognizing and reacting to imminent system instabilities. Includes
execution of:
« Intelligent special protection schemes (iISPS) based on adaptive
models or criteria identified by slower cycles
« Control actions as guided by the parameters determined in the slower
cycles.
7 10-msec Primary cycle for intelligent protection and faster iISPS (load shedding,

Cycle Represents / Primary Cycle For -

l generation rejection, system separation) . I E E E




_ Example of Voltage Related Problems, Models, Response Times and Monitoring Times -
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Ser. Problems Required Model Control Monitoring
# Initiation time
time
1 Intelligent Severe Substation and vicinity | Milliseconds, | Milliseconds,
differential relay for | Emergency eg.,2 e.g.2
fault clearing cycles cycles
2 Intelligent zone-3 Severe 20to 100 milliseconds
relay for back-up Emergency milliseconds
fault clearing
3 Intelligent load Severe Control area Sub-second | Sub-second
shedding, system Emergency | (substation action
separation, coordinated by control
generation tripping area)
for system stability
(angular, voltage)
4 Tap changers Normal, Substation or Control | seconds to seconds to
Alert or area minutes, minutes,
Non- eg.90sec. | e.qg., 5 sec.
severe
Emergency
5 Under voltage load | Non- Substation or Control minutes minutes
shedding severe area
Emergency
6 Optimal operation Normal Substation or Control minutes minutes
area
7 Reserve Normal Control area minutes minutes
deployment
8 Contingency Normal Control area or Minutes, Minutes,
analysis Regional or e.g., Smin. e.g., Smin.

Interconnection
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Distributed Hierarchical Control System
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Impact of Latency on Control

t=0.01 |=

Freq.
Setpoint

Slower cycles — 2 sec & over

§ Hour-Ahead

Cycle

Power System
5 Including control, Pa Forwayd plans, schedules,
F 4 measurement and protection guidelines controls, messages
devices U Feedback data, violations,
alerts, messages
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It s All About the Requirements!

Developed under contract for EPRI by EnerNex and GE IECSA Team
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New Technology Adoption is not Easy

e C(Clear Business Objective
 Technology Selection

* Impact on Existing Infrastructure
* Ability of Organization to Adapt
« Method of Implementation

e Reliability and Security Impacts

* Testing and Certification

* Metrics to Evaluate Implementation
Effectiveness

* Cost Recovery and Other Regulatory Issues

* Business Risk Assessment and Overall
Governance

e Life Cycle Management

Zﬁnd of Life
IEEE
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Questions ??7?7

* Erich W. Gunther -erich@enernex.com
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